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t i o n , but the r e a l i n s p i r a t i o n f o r the work has 
been d e r i v e d from the s u g g e s t i o n s of Dr. Matthew 
Lsard-wood, x'rofessor of C h e m i s t r y , to whom 1 am 
d e e p l y indebted f o r h i s p a t i e n c e and guidance 
throughout the work. 
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P o r t l a n d Cement. 
Any oomposition w h i c h a t one temperature or degree of 
m o i s t u r e i s p l a s t i c and a t another temperature and degree o f 
m o i s t u r e i s t e n a c i o u s and w h i c h hecause o f t h e s e q u a l i t i e s i s em-
pl o y e d f o r u n i t i n g m e t a l s , s t o n e s , et c e t e r a , i s c a l l e d a cement. 
I • p l a - B s i f i c a t i o n o f Cement^. 
The r e l a t i o n s of the v a r i o u s cementing m a t e r i a l s used i n 
modern s t r u c t u r a l work may be c o n c i s e l y e x p r e s s e d a s f o l l o w s : 
( P l a s t e r of P a r i s , e t c . 
( A ) N o n h y d r a u l i c cements (Common l i m e 
( ( a ) H y d r a u l i c l i m e 
( E ) H y d r a u l i c cenients ( ( b ) N a t u r a l cements 
( ( c ) P o r t l a n d cement 
( ( d ) P u z z o l a n cei>ient 
( A ) N o n h y d r a u l i c Cements. 
K o n h y d r a u l i c cements do not have the p r o p e r t y of " s e t t i n g " 
or h a r d e n i n g under w a t e r . They a r e made by b u r n i n g , a t a compara-
t i v e low tem p e r a t u r e , e i t h e r gypsum or pure l i m e s t o n e . The p r o -
d u c t s o b t a i n e d by b u r n i n g gypsum a r e marketed a s " P l a s t e r of P a r i s " 
and othor o c m m e r c i a l l y named s u b s t a n c e s . The product of b u r n i n g 
l i m e s t o n e i s common l i m e . 
( E ) H y d r a u l i c Cements. 
H y d r a u l i c cements a r e those w h i c h s e t when used under w a t e r . 
T h i s p r o p e r t y w h i c h i s due to the f o r m a t i o n d u r i n g manufacture of 
compounds of lim e w i t h s i l i c a , a l u m i n a , and i r o n o x i d e i s p o s s e s s e d 
i n v e r y d i f f e r e n t degree i n d i f f e r e n t cements. 
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( a ) H y d r a u l i c L i m e s . 
Bydrau.lic l i m e s a r e produced by b u r n i n g , a t comparative low 
t e m p e r a t u r e s , a n a t u r a l s i l i c e o u s l i m e s t o n e w h i c h c a r r i e s so much 
carbonate of l i m e i n p r o p o r t i o n t o i t s s i l i c a and alumina t h a t 
the burned product w i l l c o n t a i n c o n s i d e r a b l e f r e e l i m e i n a d d i t i o n 
to t h e s i l i c a t e s and a l u m i n a t e s t h a t have been formed. I n conse-
quence of the f r e e l i m e , the burned mass w i l l s l a k e , but i n conse-
quence of the s i l i c a t e s and a l u m i n a t e s i t w i l l s l a k e s l o w l y and 
have h y d r a u l i c p r o p e r t i e s . 
(b ) K a t i o r a l Cements. 
E a t u r a l cements a r e produced by b u r n i n g a n a t u r a l l y impure 
l i m e s t o n e , c o n t a i n i n g from 15 t o 40f^ of s i l i c a , a l u m i n a , and i r o n 
o x i d e , a t a c o m p a r a t i v e l y low te m p e r a t u r e , about t h a t of the o r d i n -
a r y l i m e b u r n i n g . D u r i n g the b u r n i n g the carbon d i o x i d e i s almost 
e n t i r e l y e x p e l l e d , and the l i m e combines w i t h the s i l i c a , a l u m i n a 
and i r o n o x i d e , f o r m i n g a mass c o n t a i n i n g s i l i c a t e s , a l u m i n a t e s 
and f e r r i t e s of l i m e . I f the o r i g i n a l l i m e s t o n e c o n t a i n e d much 
magnesium c a r b o n a t e , the burned mass w i l l c o n t a i n a c o r r e s p o n d i n g 
amount of magnesia. 
The burned mass v / i l l not s l a k e i f water be added. I t i s 
n e c e s s a r y , t h e r e f o r e , to g r i n d i t r a t h e r f i n e . A f t e r g r i n d i n g , i f 
the r e s u l t i n g powder, which i s n a t u r a l cement, be mixed w i t h w a t e r , 
i t w i l l harden r a p i d l y . N a t u r a l cement d i f f e r s from o r d i n a r y lime 
i n two v e r y n o t i c e a b l e ways: 
( 1 ) The burned mass does not s l a k e on the a d d i t i o n of w a t e r . 
( 2 ) The pov/der has h y d r a u l i c p r o p e r t i e s - t h a t i s , i f p r o p e r l y 
p r e p a r e d , i t w i l l s e t under w a t e r . 
( c ) P o r t l a n d Cement. 
P o r t l a n d cement i s produced by b u r n i n g a f i n e l y ground a r t -
i f i c i a l m i x t u r e of l i m e , s i l i c a , a l u m i n a , i r o n o x i d e and sometimes 
magnesium carbonate i n c e r t a i n d e f i n i t e p r o p o r t i o n s . U s u a l l y t h i s 
combination i s e f f e c t e d by m i x i n g l i m e s t o n e or m a r l w i t h c l a y or 
s h a l e i n such p r o p o r t i o n t h a t t h e m i x t u r e w i l l c o n t a i n about t h r e e 
p a r t s of lim.estone to one p a r t of c l a y e y m a t e r i a l s . The m i x t u r e 
i s burned a t a h i g h t e m p e r a t u r e , a p p r o a c h i n g 3000° F i n k i l n s of 
s p e c i a l d e s i g n and l i n i n g . Dxjring t h e b u r n i n g , t h e c a l c i u m com-
b i n e s w i t h the s i l i c a , a l u m i n a and i r o n o x i d e , form.ing a semi 
f u s e d mass of s i l i c a t e s , a l u m i n a t e s and f e r r i t e s of c a l c i u m i n c e r -
t a i n f a i r l y d e f i n i t e p r o p o r t i o n s . T h i s c l i n k e r must be f i n e l y 
ground and the r e s u l t i n g powder ( P o r t l a n d cement) w i l l s e t under 
w a t e r . 
Hence i t r e s u l t s t h a t t h e term " P o r t l a n d cement" i s a p p l i e d 
to the f i n e l y p u l v e r i z e d product r e s u l t i n g from t h e c a l c i n a t i o n 
t o i n c i p i e n t f u s i o n of an i n t i m a t e m i x t i j r e of p r o p e r l y p r o p o r t i o n e d 
a r g i l l a c e o u s and c a l c a r e o u s m a t e r i a l s . 
P o r t l a n d cements d i f f e r from n a t u r a l cements i n the f o l l o w -
i n g i mportant p a r t i c u l a r s : 
( 1 ) N a t u r a l cements a r e not made from c a r e f u l l y p r e p a r e d 
and f i n e l y ground a r t i f i c i a l m i x t u r e s , but from na t x a r a l r o c k . 
( 2 ) N a t u r a l cements a r e burned a t a lower temperature than 
P o r t l a n d cement, the mass i n the k i l n b e i n g heated t o t h e f u s i o n 
p o i n t . 
( 3 ) N a t u r a l cements, a f t e r b u r n i n g and g r i n d i n g , a r e , as a 
r u l e , y e l l o w to brown i n c o l o r and l i g h t i n w e i g h t , h a v i n g a s p e c i f 
i c g r a v i t y of from 2.7 to ? . l , whereas P o r t l a n d cement i s commonly 
b l u e to gray i n c o l o r and h e a v i e r , i t s s p e c i f i c g r a v i t y r a n g i n g 
from 3 t o 3.2. 
( 4 ) N a t u r a l cements s e t more r a p i d l y than P o r t l a n d cement 
hut do not a t t a i n so h i g h a t e n s i l e s t r e n g t h . 
( 5 ) P o r t l a n d cement i s a d e f i n i t e p r o d u c t , i t s percentages 
of l i m e , s i l i c a , a l u m i n a , magnesia, and i r o n o x i d e v a r y i n g o n l y 
between narrow l i m i t s whereas n a t u r a l cem.ents d i f f e r g r e a t l y i n 
c o m p o s i t i o n . 
(d) P u z z o l a n Cements. 
P u z z o l a n corr;er.ts a r e made by m i x i n g s l a k e d l i m e w i t h e i t h e r 
a v o l c a n i c a s h or a b l a s t f u r n a c e s l a g . The product i s s i m p l y 
a m e c h a n i c a l m i x t i i r e of two i n g r e d i e n t s as the m i x t u r e i s not 
burned a t any stage of the p r o c e s s . The r e s u l t i n g powder (Puzzo-
l a n cement) w i l l n e t s e t under w a t e r . 
P u z z o l a n cem.ents a r e u s u a l l y l i g h t b l u i s h i n c o l o r and 
a r e of lower s p e c i f i c g r a v i t y and l e s s t e n s i l e s t r e n g t h t h a n P o r t -
l a n d cement. They a r e b e t t e r adapted t o use under water than i n 
a i r . 
I I . H i s t o r i c a l D a t a . 
T h e r e does not seem t o be the s l i g h t e s t e v idence t h a t hy-
d r a u l i c cements app r o a c h i n g the P o r t l a n d type were ever used by 
E g y p t i a n s , Greeks, or Romans i n t h e i r s t r u c t u r a l works. Tbe e a r l -
i e s t cementing m a t e r i a l s of w h i c h t h e r e i s any r e c o r d were o r d i n a r y 
l i m e s and p l a s t e r s much l i k e those used today. The Romans were a c -
q u a i n t e d w i t h p o z z u o l a n a , a v o l c a n i c a s h t h a t i s found abundantly 
i n t he v i c i n i t y of Naples, w h i c h when powdered and mixed w i t h b l a c k 
l i m e p o s s e s s e s d i s t i n c t h y d r a u l i c p r o p e r t i e s and g i v e s r e s u l t s ap-
proxim.ating those of m.odern h y d r a u l i c cements. 
D u r i n g the Middle Ages, the p r i m i t i v e J u z z o l a n cements were 
f o r g o t t e n and lim.e and mortar where e n t i r e l y used i n c o n s t r u c t i o n 
work. L a t e r , d u r i n g the e i g h t e e n t h c e n t u r y , by c a r e f u l e x p e r i m e n t s -
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t i o n , a s e r i e s of n a t u r a l oernentB were d i s c o v e r e d i n England and 
on t h e C o n t i n e n t . The f i r s t American n a t u r a l cement was d i s c o v -
ered and used d u r i n g the y e a r s 1818-19 i h c o n n e c t i o n w i t h the 
c o n s t r u c t i o n of the E r i e C a n a l . The American n a t u r a l cement was 
produced about s i x t y y e a r s a f t e r the European p r o d u c t . 
P o r t l a n d Cement. 
I n 1524, h r . Joseph A s p d i n of L e e d s , England, r e c e i v e d a 
B r i t i s h p a t e n t f o r a cementing product vrhich he named P o r t l a n d 
cement. The name was due to a r a t h e r f a n c i f u l resemblance between 
the s e t ceraent and the w e l l known E n g l i s h b u i l d i n g stone - the 
O o l i t i c l i m e s t o n e of P o r t l a n d . 
T h i s new k i n d of cement r a p i d l y d i s p l a c e d the o l d e r n a t u r a l 
cements i n a l l European markets and g r a d u a l l y became an important 
a r t i c l e of import to t h e U n i t e d S t a t e s . 
The f i r s t s u c c e s s f u l attempt a t P o r t l a n d cement manufacture 
i n the U n i t e d S t a t e s was made a t a s m a l l p l a n t i n w e s t e r n P e n n s y l -
v a n i a , the raw m a t e r i a l s used b e i n g l i m e s t o n e and c l a y . T h i s was 
i n 1875 and s i n c e t h a t time the P o r t l a n d cement i n d u s t r y has he-
come one of the most im.portar.t of t h i s c o u n t r y . At p r e s e n t , the 
U n i t e d S t a t e s imports some cement but i t s e x p o r t of t h i s product 
f a r exceeds i t a import. P o r t l a n d cement i s now manufactured i n 
t w e n t y - f o u r s t a t e s . 
American genius has a i d e d t h i s i n d u s t r y t o a g r e a t e x t e n t 
and the American methods have alm^ost r e v o l u t i o n i z e d the European 
methods of g r i n d i n g and hvirning the raw m a t e r i a l . 
I I I . Raw M a t e r i a l s of t h e P o r t l a n d Cement Industry;. 
The e s s e n t i a l elements e n t e r i n g i n t o a P o r t l a n d cement mix-
t u r e - s i l i c a , a l u m i n a , i r o n and l i m e - a r e a l l e x t r e m e l y abundant. 
b e i n g i n f a c t the f o u r commonest s u b s t a n c e s o f the e a r t h ' s c r u s t . 
They a r e a l s o v e r y w i d e l y d i s t r i b u t e d , o c c u r r i n g n a t u r a l l y i n 
d i f f e r e n t forms as important c o n s t i t u e n t s of many d i f f e r e n t k i n d s 
of r o c k s . I t can t h e r e f o r e r e a d i l y be seen t h a t , so f a r as ease 
i n f i n d i n g raw m a t e r i a l s of proper c h e m i c a l composition a l o n e i s 
concerned, a s a t i s f a c t o r y P o r t l a n d cement m i x t u r e c o u l d be p r e -
p a r e d by combining, i n almost an i n f i n i t e number of ways and p r o -
p o r t i o n s , many p o s s i b l e k i n d s of raw m a t e r i a l s . 
However, the almost i n f i n i t e number of raw m a t e r i a l s , t h a t 
a r e t h e o r e t i c a l l y a v a i l a b l e f o r cement making a r e reduced t o a 
v e r y few under e x i s t i n g commercial c o n d i t i o n s . The n e c e s s i t y of 
making the m i x t u r e as ch e a p l y as p o s s i b l e p r e v e n t s the use of a 
l a r g e number of m a t e r i a l s t h a t would be a v a i l a b l e i f c h e m i c a l 
c c m p o s i t i o n were t l i e o n l y t h i n g t o be c o n s i d e r e d . Some m.aterials 
t h a t a r e o t h e r w i s e s u i t a b l e a r e too s c a r c e ; some a r e too d i f f i c u l t 
t o p u l v e r i z e . I n consequence, a c o m p a r a t i v e l y few combinations 
of raw m a t e r i a l s a r e a c t u a l l y used. 
I n c e r t a i n l o c a l i t i e s , t h e r e a r e d e p o s i t s of a r g i l l a c e o u s 
( c l a y e y ) l i m e s t o n e i n w h i c h t h e l i m e , s i l i c a , a l u m i n a , e t c . , ex-
i s t i n so n e a r l y the proper p r o p o r t i o n s t h a t o n l y a r e l a t i v e l y 
s m a l l amount of other m a t e r i a l ^ i s r e q u i r e d t o make a m i x t u r e of 
c o r r e c t c o m p o s i t i o n . 
The c h i e f combinations of raw m a t e r i a l s now used i n the 
U n i t e d S t a t e s i n the manufacture of P o r t l a n d cement may be grouped 
under f o u r heads: 
( 1 ) A r g i l l a c e o u s l i m e s t o n e and pure l i m e s t o n e . 
( 8 ) P ure hard l i m e s t o n e and c l a y or s h a l e . 
( 3 ) M a r l and c l a y . 
( 4 ) S l a g and l i m e s t o n e . 
^'' ^hemioal A n a l y a i a ^ 
Chemical a n a l y s i s may r e n d e r v a l u a b l e s e r v i c e i n t h e d e t e c -
t i o n of a d u l t e r a t i o n of cement w i t h c o n s i d e r a b l e amounts of i n -
e r t m a t e r i a l , such as s l a g or ground l i m e s t o n e . I t i s of use 
a l s o , i n d e t e r m i n i n g whether c e r t a i n c o n s t i t u e n t s , b e l i e v e d to 
be h a r m f u l when i n e x c e s s of a c e r t a i n p e r c e n t a g e , as magnesia 
and s i a l p h u r i c a n h y d r i d e , a r e p r e s e n t i n i n a d m i s s a b l e p r o p o r t i o n s 
The d e t e r m i n a t i o n of the p r i n c i p l e c o n s t i t u e n t s of cement 
i s not c o n c l u s i v e as an i n d i c a t i o n of q u a l i t y . F a u l t y c h a r a c t e r 
of cement r e s u l t s more fre«[uently from i m p e r f e c t p r e p a r a t i o n of 
the raw m a t e r i a l or d e f e c t i v e b u r n i n g than from i n c o r r e c t proper 
t i o n of the c o n s t i t u e n t s . Cement made from v e r y f i n e l y ground 
m a t e r i a l , and t h o r o u g h l y burned, may c o n t a i n much more lim e than 
the am.ount u s u a l l y p r e s e n t and s t i l l be p e r f e c t l y sound. On the 
other hand, cements low i n l i m e may, on account of c a r e l e s s prep 
a r a t i o n of the raw m a t e r i a l , be of dangerous c h a r a c t e r . F u r t h e r 
the ash of the f u e l used i n b u r n i n g may so g r e a t l y modify the 
composition of the product as l a r g e l y to d e s t r o y the s i g n i f i c a n c 
df the r e s u l t s of a n a l y s i s . 
Upon examining a g i v e n specimen of P o r t l a n d cement q u a l i t a -
t i v e l y , I found s i l i c a , a l u m i n a , i r o n , l i m e , magnesia, a l k a l i e s 
(sodium and p o t a s s i u m ) , s u l p h u r and anhydrous s u l p h u r i c a c i d to 
be p r e s e n t . But the most important s o u r c e of i n f o r m a t i o n f o r 
the u s e r of cement, i s the q u a n t i t a t i v e a n a l y s i s . 
P r o b a b l y the b e s t method f o r the q u a n t i t a t i v e a n a l y s i s of 
cement i s the one.adopted by the Committee on U n i f o r m i t y i n 
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T e c h n i c a l A n a l y s i s of the New York S e c t i o n of the S o c i e t y f o r 
Chemical I n d u s t r y . T h i s i s the method wh i c h I used i n my r e -
s e a r c h work. The modus operandi f o l l o w s : 
S o l u t i o n . 
C n e - h a l f gram of the f i n e l y powdered subs t a n c e i s t o be 
weighed out and, i f the l i m e s t o n e or unburned m i x t u r e , s t r o n g -
l y i g n i t e d i n a covered p l a t i n u m c r u c i b l e over a s t r o n g b l a s t 
f o r f i f t e e n m i n u t e s , or longer i f the b l a s t i s not p o w e r f u l 
enough to e f f e c t complete c o n v e r s i o n t o a cement i n t h i s t i m e . 
I t i s then t r a n s f e r r e d to an e v a p o r a t i n g d i s h , p r e f e r a b l y of 
p l a t i n u m f o r the sake of c e l e r i t y i n e v a p o r a t i o n , moistened 
w i t h enough w a t e r to p r e v e n t lumping, and f i v e t o t e n c u b i c 
c e n t i m e t e r s of s t r o n g h y d r o c h l o r i c a c i d added and d i g e s t e d 
w i t h the a i d of g e n t l e heat and a g i t a t i o n u n t i l s o l u t i o n i s 
complete. The s o l u t i o n i s then evaporated t o d r y n e s s on the 
water b a t h . 
S i l i c a ( S i Og) 
The r e s i d u e w i t h o u t f u r t h e r h e a t i n g i s t r e a t e d a t f i r s t 
w i t h f i v e to t e n c u b i c c e n t i m e t e r s of s t r o n g h y d r o c h l o r i c a c i d , 
w h i c h i s then d i l u t e d t o h a l f s t r e n g t h or l e s s . The d i s h i s 
then covered ar;d d i g e s t i o n a l l o w e d t o go on f o r t e n minutes on 
the b a t h , a f f e r which the s o l u t i o n i s f i l t e r e d and the s e p a r a t -
ed s i l i c a washed t h o r o u g h l y w i t h w a t e r . The f i l t r a t e i s a g a i n 
evaporated to d r y n e s s , the r e s i d u e w i t h o u t f u r t h e r h e a t i n g 
t a k e n up w i t h a c i d and w a t e r , and t h e s m a l l amount of s i l i c a i t 
c o n t a i n s , s e p a r a t e d on another f i l t e r paper. 
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Tiie papers c o n t a i n i n g t h e r e s i d u e a r e t r a n s f e r r e d v/et t o a 
weighed p l a t i n u m c r u c i b l e , d r i e d , i g n i t e d , f i r s t over a Eunsen 
burner u n t i l the carbon of the f i l t e r i s c o m p l e t e l y consumed 
and f i n a l l y over the b l a s t f o r f i f t e e n minutes and checked by a 
f u r t h e r b l a s t i n g f o r t e n minutes or t o c o n s t a n t v^eight. 
The s i l i c a , i f g r e a t a c c u r a c y i s d e s i r e d , i s t r e a t e d i n the 
c r u c i b l e w i t h about t e n cubio c e i i t i m e t e r s of h y d r o f l u o r i c a c i d 
and f o u r drops of s u l p h u r i c a c i d and evaporated .oyer a low flame 
to complete d r y n e s s . The s m a l l r e s i d u e i s f i n a l l y b l a s t e d , f o r 
a minute or two, cooled and weighed. The d i f f e r e n c e between t h i s 
w e ight and the v/eight p r e v i o u s l y determined g i v e s the amount of 
s i l i c a . 
Alumina and I r o n ( A I 0 O 3 and ? e 2 0 3 ) . 
The f i l t r a t e , about 850 c u b i c c e n t i m e t e r s , from the second 
e v a p o r a t i o n f o r s i l i c a , i s made a l k a l i n e w i t h ammonium h y d r o x i d e 
a f t e r adding h y d r o c h l o r i c a c i d , i f need be, t o i n s u r e a t o t a l of 
ten to f i f t e e n c u b i c c e n t i m e t e r s of s t r o n g a c i d , ahd b o i l e d t o 
e x p e l e x c e s s i v e ammonia, or u n t i l t h e r e i s but a f a i n t odor of i t , 
and the p r e c i p i t a t e d i r o n and aluminum h y d r a t e s , a f t e r s e t t l i n g , 
a r e washed once by d e o a n t a t i o n and s l i g h t l y on the f i l t e r . S e t -
t i n g a s i d e the f i l t r a t e , the p r e c i p i t a t e i s d i s s o l v e d i n hot hy-
d r o c h l o r i c a c i d , the s o l u t i o n p a s s i n g i n t o the beaker i n which the 
p r o c i p i t a t i o n was made. The aluminum and i r o n a r e then r e p r e o i p l t a t -
od by ammonium h y d r o x i d e , b o i l e d , and the second p r e c i p i t a t e c o l -
l e c t e d and washed on the same f i l t e r used i n the f i r s t i n s t a n c e . 
The f i l t e r r a p e r , w i t h the p r e c i p i t a t e , i s then p l a c e d i n a weighed 
p l a t i n u m c r u c i b l e , the paper burned o f f and the p r e c i p i t a t e i g -
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n i t e d and f i n a l l y b l a s t e d f o r f i v e m i nutes, w i t h c a r e to p r e v e n t 
r e d u c t i o n , cooled and weighed as alumina and f e r r i c o x i d e . 
I r o n (FesOs) 
The combined i r o n and aluminum o x i d e s a r e f u s e d i n a p l a t -
inum c r u c i b l e a t a v e r y low temperature w i t h from t h r e e t o f o u r 
grams of liydrogen p o t a s s i u m s u l p h a t e , or b e t t e r , hydrogen dodium 
s u l p h a t e , the melt taken up w i t h so much d i l u t e s u l p h u r i c a c i d 
t h a t t h e r e s h a l l be no l e s s than f i v e grams a b s o l u t e a c i d and 
enough, wat e r t o e f f e c t s o l u t i o n on h e a t i n g . The s o l u t i o n i s 
then evaporated and e v e n t u a l l y heated t i l l a c i d f-araea come o f f 
c o p i o u s l y . The f i l t r a t e i s reduced by z i n c , or hydrogen s u l -
p h i d e , b o i l i n g out the e x c e s s o f the l a t t e r a f t e r w a r d s w h i l e 
p a s s i n g carbon monoxide through t he f l a s k , and t i t r a t e d w i t h 
permanganate. ( i n t h i s way o n l y i s the i n f l u e n c e of t i t a n i u m 
to be avoided and a c o r r e c t r e s u l t o b t a i n e d f o r i r o n ) . The 
a t r e r i g t h of the permanganate s o l u t i o n s hould not be g r e a t e r 
than .004 grams i r o n o x i d e per c u b i c c e n t i m e t e r . 
Lime (CaO) 
To the combined f i l t r a t e from t he alumina and i r o n o xide 
p r o c i p i t a t e , a few drops of am.monlum hy d r o x i d e a r e added and 
the s o l u t i o n brought to b o i l i n g . To the s o l u t i o n 20 cufeic cen-
t i m e t e r s of a s a t u r a t e d s o l u t i o n of ammonium o x a l a t e a r e added, 
and the b o i l i n g c o n t i n u e d u n t i l the p r e c i p i t a t e d c a l c i u m o x a l a t e 
assumes a w e l l d e f i n e d g r a n u l a r form^. I t i s then a l l o w e d to 
s t a n d f o r twenty minutes, or u n t i l the p r e c i p i t a t e has s e t t l e d , 
and then f i l t e r e d and washed. The p r e c i p i t a t e and f i l t e r a r e 
p l a c e d wet i n a p l a t i n u m c r u c i b l e , and the paper burned o f f over 
a s m a l l flame of a Eunsen b u r n e r . I t i s then i g n i t e d , r e d i s -
s o l v e d i n h y d r o c h l o r i o a c i d , and the s o l u t i o n made up to 100 c c . 
w i t h w a t e r . Ammonium h y d r o x i d e i s then added i n a l i g h t e x c e s s , 
and the l i q u i d i s b o i l e d . ( i f a s m a l l amount of alumina sep-
a r a t e s , t h i s i s f i l t e r e d o u t , weighed, and the amount added to 
t h a t found i n the f i r s t d e t e r m i n a t i o n , when geeater a c c u r a c y 
i s d e s i r e d . ) The lime i s then r e p r e c i p i t a t e d by ammonium oxa-
l a t e , a l l o w e d to st a n d u n t i l s e t t l e d , f i l t e r e d , washed, and 
weighed £̂ s oxide by i g n i t i o n and b l a s t i n g i n a covered c r u c i b l e 
to c o n s t a n t w e i g h t , or determined by d i l u t e s t a n d a r d permanga-
n a t e . 
Magnesia (MgO) 
The combined f i l t r a t e s from tho c a l c i u m p r e c i p i t a t e s a r e 
a c i d i f i e d w i t h h y d r o c h l o r i c a c i d and c o n c e n t r a t e d on the steam 
b a t h to about 150 c c . , of s a t u r a t e d s o l u t i o n of mlcrocosmic 
s a l t a r e added, and the s o l u t i o n b o i l e d f o r s e v e r a l m i nutes. 
I t i s then removed from the flame and cooled by p l a c i n g the 
beaker i n i c e w a t e r . A f t e r c o o l i n g , ammonium h y d r o x i d e i s ad-
ded drop by drop -with c o n s t a n t s t i r r i n g u n t i l t he c r y s t a l l i n e 
ammonium magnesiun) ortho-phosphate begins t o form, and then i n 
moderate e x c e s s , the s t i r r i n g b e i n g c o n t i n u e d f o r s e v e r a l min-
u t e s . I t i s then s e t a s i d e f o r s e v e r a l hoiara i n a c o o l atmos-
phere and f i l t e r e d . The p r e c i p i t a t e i s r e d i s s o l v e d i n hot d i -
l u t e h y d r o c h l o r i c a c i d , t he s o l u t i o n made up to about lOOcc. , 
1 c c . of a s a t u r a t e d s o l u t i o n of miorocosmio s a l t added, and 
ammonia drop by drop, v / i t h c o n s t a n t s t i r r i n g , u n t i l the p r e c i p -
i t a t e i s a g a i n formed as d e s c r i b e d and the ammonia i s i n moderate 
e x c e s s . I t i s tben a l l o w e d t o s t a n d f o r about two h o u r s , when 
i t i s f i l t e r e d on a paper, i g n i t e d , c o o l e d , and weighed a s 
magnesium pyro-phosphate. From t h i s t he amount of magnesia i s 
e s t i m a t e d . 
A l k a l i e s (KoO and NaoO). 
F o r the d e t e r m i n a t i o n of the a l k a l i e s , the w e l l known 
method of P r o f . J . Lawrence Smith i s to he f o l l o w e d , e i t h e r w i t h 
or w i t h o u t a d d i t i o n of c a l c i u m carbonate w i t h ammonium c h l o r i d e . 
Anhydrous S u l p h u r i c A c i d ( S 0 3 ) . / 
One gram of the substance i s d i s s o l v e d i n 15 c. c. of hydro-
c h l o r i c a c i d , f i l t e r e d , and r e s i d u e washed t h o r o u g h l y . 
The s o l u t i o n i s made up t o 250 o.c. i n a beaker and b o i l e d . 
To t h e b o i l i n g s o l u t i o n 10 c. c. of a s a t u r a t e d s o l u t i o n of b a r -
ium c h l o r i d e i s added s l o w l y drop by drop from a p i p e t t e and the 
b o i l i n g c o n t i n u e d u n t i l the p r e c i p i t a t e i s w e l l formed, or d i g e s -
t i o n on the steam b a t h may be s u b s t i t u t e d f o r the b o i l i n g . I t 
i s then s e t a s i d e over n i g h t or f o r a few h o u r s , f i l t e r e d , i g -
n i t e d , and weighed as barium s u l p h a t e . 
T o t a l S u lphur ( S ) . 
One gram of the m.aterial i s weighed out i n a l a r g e p l a t i n u m 
c r u c i b l e and f u s e d w i t h sodium carbonate and a l i t t l e p o t a s s i u m 
n i t r a t e , being c a r e f u l to a v o i d c o n t a m i n a t i o n from t he s u l p h u r 
i n the gases from the source of h e a t . T h i s may be done by f i t -
•^j_ng the c r u c i b l e i n a h o l e i n an a s b e s t o s board. The raelt i s 
then t r e a t e d i n the c r u c i b l e w i t h b o i l i n g w a t e r , and the l i q u i d 
poured i n t o a t a l l narrow beaker and more hot water added u n t i l 
t h e mass i s d i s i n t e g r a t e d . The s o l u t i o n i s then f i l t e r e d . 
The f i l t i - a t e i s a c i d u l a t e d w i t h h y d r o c h l o r i o a c i d and made up to 
250 c c . w i t h d i s t i l l e d w a t e r , b o i l e d , t h e s u l p h u r p r e c i p i t a t e d 
as barium s u l p h a t e and a l l o w e d to s t a n d f o r s e v e r a l h o u r s . 
L o s s on I g n i t i o n . 
H a l f a gram of cement i s weighed out i n a p l a t i n u m c r u c i -
b l e , p l a c e d i n a h o l e i n an a s b e s t o s bbard so t h a t about t h r e e -
f i f t h s of the c r u c i b l e p r o j e c t s below, and b l a s t e d f i f t e e n min-
u t e s , p r e f e r a b l y w i t h an i n c l i n e d f l a m e . The l o s e by v^eight, 
w h i c h i s cheoked by a second b l a s t i n g of f i v e m inutes, i s the 
l o s s on i g n i t i o n . 
Recent i n v e s t i g a t i o n s have shown t h a t l a r g e e r r o r s i n r e -
s u l t s a r e o f t e n due to the use of impure d i s t i l l e d w ater and r e -
a g e n t s . The a n a l y s t s h o u l d , t h e r e f o r e , t e s t h i s d i s t i l l e d w ater 
by e v a p o r a t i o n and h i s r e a g e n t by a p p r o p r i a t e t e s t s b e f o r e p r o -
ceeding w i t h h i s work. 
From the g i v e n specimen of cement, analyzed a c c o r d i n g t o the 
p r e c e d i n g method, I determined the f o l l o w i n g q u a n t i t i e s : 
S i l i c a 27.0 1o 
Alumina 7.2 
I r o n Oxide . . . . . . 2.5 
Lime • 59.1 
Magnesia 2.1 
Sulphur .75 
E r r o r . . . . • . » 1.35 
(Anhydrous s u l p h u r i c a c i d found was . 8 8 ^ ) . T h i s was not a 
h i g h grade cement. 
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P o r t l a n d cement should have the f o l l o w i n g q u a n t i t i e s . 
( I n t e r n a t i o n a l E n c y c l o p e d i a ) : 
S i l i c a 20.3% 26.1^^. 
Alumina 5.S 10.6 
I r o n o x i d e 2.1 . . ». . . . 5.3 
Lime 58.0 . . . . . . 67.0 
Magnesia .33 . . . . . . 2.3 
Sulphur .26 1.78 
The cement s h a l l not c o n t a i n more than 1.75% of anhydrous 
s u l p h u r i c a c i d , nore more than 4fo of magnesia. 
V. P h y s i c a l T e s t a . 
S p e c i f i c g r a v i t y i s u s e f u l i n d e t e c t i n g a d u l t e r a t i o n . Re-
s u l t s of t e s t s of s p e c i f i c g r a v i t y a r e not n e c e s s a r i l y c o n c l u s -
i v e as an i n d i c a t i o n of the q u a l i t y of the cement, but when i n 
combination w i t h the r e s u l t s o f other t e s t s t h e y a f f o r d v a l u a b l e 
i n d i c a t i o n s . The s p e c i f i c g r a v i t y i s lowered by u n d e r - b u r n i n g , 
a d u l t e r a t i o n and h y d r a t i o n . 
Perhaps the most a c c u r a t e method of f i n d i n g the s p e c i f i c 
g r a v i t y of cement i s by u s i n g the picnometer. By the use of t h i s 
method, I found the s p e c i f i c g r a v i t y of the specimen under a n a l -
y s i s to be 3.1007. 
Another important t e s t i s the d e t e r m i n a t i o n < f f i n e n e s s * 
The specimen i s f i r s t p a ssed through a No. 20 s i e v e (20 meshes 
per l i n e a l i n c h ) , which removes t h e c o a r s e lumps, and then s u c -
c e s s i v e l y passed through the No. 100, No. 80, No. 60 and No. 40 
s i e v e s . I o h t a i n e d the f o l l o w i n g r e s u l t s frora the specimen under 





.97) on the 
) No.100 
. 8.18) s i e v e 
T h i s a g a i n shows t h a t the speoimen was o n l y of a medium 
grade. High grade P o r t l a n d cement should l e a v e by weight a 
r e s i d u e of not nore than 8^ on the No. 100 s i e v e and not more 
than 25^ on the Mo. 200 s i e v e . 
The f o l l o w i n g p h y s i c a l t e s t s a r e t a k e n from the r e p o r t 
of the American S o c i e t y f o r T e s t i n g K a t e r i a l s ( 1 9 0 9 ) : 
T i n e of S e t t i n g . 
I t s h a l l not develop i n i t i a l s e t i n l e s s t nan t h i r t y min-
u t e s and must develop hard s e t i n not l e a s than one hour, nor 
more than t e n h o u r s . 
T e n s i l e S t r e n g t h . 
The minium r e q u i r e m e n t s f o r t e n s i l e s t r e n g t h f o r b r i q u e t t e s 
one square i n c h i n c r o s s s e c t i o n s h a l l be as f o l l o w s , and the 
cement s h a l l show no r e t r o g r e s s i o n i n s t r e n g t h w i t h i n the p e r -
iod s p e c i f i e d : 
Neat Cement. 
Age S t r e n g t h 
24 hours i n moist a i r 175 l b s . 
7 days ( l day i n moist a i r , 6 days i n w a t e r ) 500 " 
28 " ( 1 day i n moist a i r , 27 days i n w a t e r ) 600 " 
One P a r t Cement, Three P a r t s Ottawa Sand ( S t a n d a r d ) 
7 days ( 1 day i n moist a i r , 6 days i n w a t e r ) 200 l b s . 
28 ( 1 day i n moist a i r , 27 days i n w a t e r ) 275 " 
Through the No. 100 s i e v e 
" " No. 80 " . . 
" " No. 60 " . . 
" " No. 40 " . . 
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Constancy of Volume. 
P a t s of neat cement about t h r e e i n c h e s i n d i a m e t e r , one-
h a l f i n c h t h i c k a t the c e n t e r , and t a p e r i n g to a t h i n edge, 
s h a l l be kept i n moist a i r f o r a p e r i o d of t w e n t y - f o u r h o u r s . 
( a ) A pat i s then kept i n a i r a t normal temperature and 
observed a t i n t e r v a l s f o r a t l e a s t t w e n t y - e i g h t d a y s . 
(b) Another pat i s kept i n wate r m a i n t a i n e d as near 70*^ P. 
as p r a c t i c a b l e , and. observed a t I n t e r v a l s f o r a t l e a s t t'wenty-
e i g h t d a y s . 
( c ) A t h i r d pat i s exposed i n any convenient way i n an a t -
mosphere of steam above b o i l i n g water i n a l o o s e l y c l o s e d v e s -
s e l f o r f i v e h o u r s . 
These p a t s , to s a t i s f a c t o r i l y p ass the r e q u i r e m e n t s , s h a l l 
remain f i r m and hard and^ show no s i g n s of d i s t o r t i o n , c r a c k i n g , 
or d i s i n t e g r a t i n g . 
Ey e x p e r i m e n t a t i o n , I found t h a t about 8 1 ^ by weight of 
water i s r e q u i r e d to make a p a s t e of the proper c o n s t i t u e n o y . 
C o n c r e t e . 
L a r g e q u a n t i t i e s of P o r t l a n d cement a r e used i n the manu-
f a c t u r e of c o n c r e t e . T h i s i s a manufactured stone formed by mix-
i n g cement, sand and stone or g r a v e l t o g e t h e r w i t h w a t e r . V a r -
iou s amounts of each a r e used, a c c o r d i n g to the use to which the 
c o n c r e t e i s to be p u t . 
Many t h i n g s have c o n t r i b u t e d t o make c o n c r e t e one of t h e 
l e a d i n g b u i l d i n g m a t e r i a l s of the day. I t has shown i t s worth 
i n e n g i n e e r i n g and other problems a s a s u b s t i t u t e f o r wood be-
cause o f i t s moderate c o s t , i t s d i o r a b i l i t y , t he ease w i t h which 
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i t i s i i a n d l s d , the wide d i s t r i b u t i o n o f sand, g r a v e l , and stone 
y^hich e n t e r i n t o i t s composition, and the tremendous growth of 
the cement i n d u s t r y . I t has been th o r o u g h l y t r i e d and t e s t e d , 
not o n l y i n l a b o r a t o r i e s but a l s o by y e a r s of a c t u a l use by 
the U n i t e d S t a t e s Government, by S t a t e A g r i c u l t u r a l c o l l e g e s , 
by r a i l r o a d s and s t o c k y a r d s , and i t has proved s u c c e s s f u l i n 
many k i n d s of c o n s t r u G t i o n . 
M a t e r i a l s f o r Making C o n c r e t e . 
( 1 ) Sand. The sand to be used must, above a l l t h i n g s , 
be c o a r s e and c l e a n . Coarse sand i s g e n e r a l l y c l e a n and dense, 
and t h e r e f o r e , produces a denser and s t r o n g e r c o n c r e t e than 
f i n e l i g h t sand. D r i f t sand makes a v e r y v/eak c o n c r e t e w h i l e 
d i r t y sand weakens the mortar and o f t e n d e l a y s i t s s e t t i n g . 
The presence of d i r t i n the sand i s e a s i l j r a s c e r t a i n e d by r u b -
b i n g a l i t t l e in/he palm of the hand. 
kAiiZ.§JL* '̂ '̂̂  m i x t u r e b e s t s u i t e d f o r c o n c r e t e i s two 
p a r t s sand to f o u r p a r t s pebbles i n which a l l s i z e s l e s s t han 
o n e - f o u r t h of an i n c h i n diam.eter a r e c o n s i d e r e d sand. A l l 
pebbles l a r g e r than one i n c h should be r e j e c t e d . G r a v e l should 
c o n t a i n no decayed stone and should be c l e a n , i n order t h a t the 
cement may adhere to i t . 
C f y s k e d otone^ The best c r u s h e d stone f o r c o n c r e t e 
i s t h a t which i s c l e a n and h a r d , which b r e a k s w i t h a s h a r p , 
a n g u l a r f r a c t u r e , and to w h i c h mortar e a s i l y a d h e r e s . T r a p , 
g r a n i t e and l i m e s t o n e a r e among the b e s t , w h i l e the use of s h a l d , 
s l a t e , sandstone and v e r y s o f t l i m e s t o n e s h o u l d be a v o i d e d • 
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(•'̂ ) Ce-ment. Any good grade of P o r t l a n d oement may be used. 
(^5) l a t e r . Any good t a s t i n g w a t e r , f r e e from a c i d s and a l k a l i e s , 
a r e s- a i t a b l e f o r t h i s purpose. 
I n m i x i n g the r c a t e r i a l s p a r t i c u l a r a t t e n t i o n should be p a i d 
t o the p r o p o r t i o n s of i n g r e d i e n t s used. I f unscreened g r a v e l i s 
used, i t should be used i n the p r o p o r t i o n of one p a r t of cement 
t o f o u r p a r t s of g r a v e l . For crushed r o c k or screened g r a v e l , 
the m a t e r i a l s s h o u l d be used i n the p r o p o r t i o n of one p a r t of 
oement, two p a r t s of sand and f o u r p a r t s of rook or g r a v e l . 
The amount of 'moisture i n the sand, g r a v e l and stone v a r i e s 
so much w i t h weather c o n d i t i o n s t h a t the q u a n t i t y of w a t e r f o r 
a c u b i c f o o t of c o n c r e t e cannot be f i z e d e x a c t l y . D u r i n g the 
m i x i n g of the cement w i t h the sand and rook, s u f f i c i e n t w a t e r 
should be used f o r the c o n c r e t e to be wet enough, when the mix-
i n g i s complete to r u n i n t o the molds. 
Reenforcement. 
Concrete and s t e e l r e n d e r a v a l u a b l e a s s i s t a n c e to each other 
i n tho support of heavy burdens. On a s o l i d f o u n d a t i o n , loaded 
from above and thus under d i r e c t p r e s s u r e , a c o n c r e t e column w i l l 
s t a n d tho s t r a i n of an enormous l o a d . A much s m a l l e r l o a d so 
p l a c e d as to cause s t r e t c h i n g or bending toward one s i d e of the 
same column may cause i t t o snap o f f , f o r c o n c r e t e i s s t r o n g , 
but b r i t t l e . On the other hand, s t e e l i s tough and e l a s t i c 
I n the form of rods or w i r e , s t e e l w i t h s t a n d s massive loads t h a t 
may tend to s t r e t c h i t , and thus d i s p l a y s a k i n d of s t r e n g t h d i -
r e c t l y o r p o s i t e to t h a t of the p l a i n c o n c r e t e column. I n modern 
c o n s t r u c t i o n work, t h e s e two v a l u a b l e p r o p e r t i e s of c o n c r e t e and 
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s t e e l a r e u t i l i z e d by combining them i n what i s c a l l e d r e e n -
f c r e e d c o n c r e t e . 
Reenforcement, t h e r e f o r e , i s s t e e l i n the form of b a r s , 
rods or w i r e s , b u r i e d i n c o n c r e t e to t a k e up and w i t h s t a n d the 
s t r a i n which tend to s t r e t c h or to bend the co:ncrete. 
C u r i n g . 
I t i s a g r e a t m i s t a k e to b e l i e v e t h a t , when the molding or 
l a y i n g i s done, the c o n c r e t e s t r u c t u r e i s completed* The q u a l -
i t y of the work must be determined by c u r i n g . For s e v e r a l days 
a f t e r the molding, the c o n c r e t e should be kept shaded and damp. 
When green, any s l i g h t j a r w i l l cause c r a c k s , sometimes i n v i s -
i b l e , w h i c h g r e a t l y weaken the c o n c r e t e . 
The l e n g t h of s e a s o n i n g d i f f e r s f o r d i f f e r e n t forms; a 
f l o o r w i l l be i n good c o n d i t i o n i n a few weeks w h i l e a column 
should have s e v e r a l months' c u r i n g. Concrete g a i n s r a p i d l y 
i n s t r e n g t h f o r the p e r i o d of one year and, as a r u l e , t h e 
o l d e r the c o n c r e t e i s , the s t r o n g e r i t becomes, 
M a r b l e o i d s . 
During, r e c e n t y e a r s , a p a t e n t e d m i x t u r e has come i n t o use 
f o r f l o o r i n g purposes and i s g i v e n the commercial name of 
ma r b l e o i d . Upon a n a l y s i s of two specimens of m a r b l e o i d , w h i t e 
and r e d , I found t h a t the substance was merely a P o r t l a n d c e -
ment and sawdust mixed m e c h a n i c a l l y . The substance a l s o con-
t a i n s a l a r g e q u a n t i t y of magnesia and c o l o r i n g m a t t e r , y/hich 
i n the case of the r e d sample, proved t o be an oxide of i r o n . 
I t i s c l a i m e d t h a t the sawdiist makes the oement e a s i e r f o r 
w a l k i n g from the f a c t t h a t i t g i v e s t h e f l o o r e l a s t i c p r o p e r -
t i e s . 
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N a t u r a l A s p h a l t s and Bitumens. 
B i b l i o g r a p h y . 
N a t u r a l iiock Aspha^lts and Bitumens, Danby (1913) 
Report on Ready R o o f i n g s t o the No r t h w e s t e r n Lumbermen'a 
A s s o c i a t i o n , M i n n e a p o l i s , Minn. (1911) 
( i - i n e r a l Resources of the U n i t e d Sta,tes. U. 3. Geol. Survey, 
( V o l . I I (190 8 ) 
( 
( P r o g r e s s R e p o r t s on E x p e r i m e n t s i n Dust P r e v e n t i o n and 
Govern- ( Road P r e s e r v a t i o n (ira2) U. S. Dep't. of A g r i c u l t u r e , 
ment ( 
(aitumens and T h e i r E s s e n t i a l C o n s t i t u e n t s f o r Road Con-
R e p o r t s . ( 
( s t r u c t i o n and R a i n t e n a n c e (1911) U. S. Dep't. of A g r i c u l t u r e * 
(Methods f o r the E x a m i n a t i o n of Bituminous Road - ^ - a t e r i a l s ( 1 9 1 1 ) , 
( U. -3. Dep't. of A g r i c u l t u r e * 
A s p h a l t s and Bitumens. 
To the a v e r a r e man, the term " a s p h a l t " has hut a v e r y 
vague y e t an e x t r e m e l y e l a s t i c meaning. Under t h a t heading, 
he would p l a c e almost any b l a c k or d a r k brown amorphous sub-
s t a n c e s which a l t i i o u g h hard and b r i t t l e a t the o r d i n a r y temper-
a t u r e , beconee s o f t and p l a s t i c when heated, u n t i l i t f i n a l l y 
f u e e s and m e l t s i n t o a l i q u i d , the v i s c o s i t y of yyhich i s more 
or l e s s dependent upon the degree of heat t h a t i s employed. 
I n t h i s c o n d i t i o n , i t i s capable of i g n i t i o n when i t burns -with 
a v e r y smoky luminous f l a m e , a t the same time g i v i n g o f f a d e f -
i n i t e s m e l l . To the average man, the terms " p i t c h " , " a s p h a l t " , 
and "bitumen" a r e merely synonyms and they a r e used a t w i l l to 
d e s c r i b e any substance w h i c h may have the f o r e g o i n g c h a r a c t e r i s -
t i c s . 
The newspapers, magazines and nan3'- of the o l d e r d i c t i o n a r -
i e s confuse t h e s e terms. The a r t i c l e s on " a s p h a l t " and "bitumen" 
i n the l a t e s t e d i t i o n of the E n c y c l o p e d i a E r i t t a n i c a a r e v e r y un-
s a f i s f a c t o r y . And the c o n f u s i o n of t h e s e terras seeit;s to become 
g r e a t e r as time goes on. 
of 
The manner of d i v i d i n g a n d , , c l a s s i f y i n g t h e s e m a t e r i a l s f o r 
i n d i a s t r i a l purposes suggested 'by the b e s t a u t h o r i t i e s i s as f o l -
lows : 
uitumens.- A l l such s u b s t a n c e s vyhich a r e found i n n a t u r e 
and r e q u i r e no f u r t h e r t r e a t m e n t o t h e r than t h e e x t r a c t i o n of the 
m i n e r a l and v e g e t a b l e i m p u r i t i e s t h a t they may have mixed am,ong 
them; which a r e c o m p l e t e l y s o l u b l e i n carbon b i s u l p h i d e ; 
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but o n l y p a r t i a l l y ao i n e t h e r , and almost c o m p l e t e l y i n s o l u b l e 
i n a l c o h o l . Under t h i s heading a r e ranged the bitumens o b t a i n e d 
from T r i n i d a d , V e n e z u e l a , Cuba, Mexico, e t c . , Barbadoan " m a n j a l s " , 
g l a n c e p i t c h , grabaraite, g i l s o n i t e , e l a t e n i t e , w u r t z i l i t e , S y r i a n 
a s p h a l t , m a l t b a , the a s p h a l t o i l s , and the v i s c o u s or s o l i d bitum-
en t h a t i s found impregnating r o c k a s p h a l t . A l s o such s u b s t a n c e s 
which a r e derived, from the d i s t i l l a t i o n of any of the above or of 
th e a s p h a l t i o p e t r o l e u m s . 
P i t c h e s . - A l l such s u b s t a n c e s w h i c h a r e d e r i v e d from the 
d e s t r u c t i v e or f r a c t i o n a l d i s t i l l a t i o n of a l l other n a t u r a l organ-
i c bodies or from the d i s t i l l a t i o n of v e g e t a b l e o i l s . T h i s d e f -
i n i t i o n then i n c l u d e s the p i t c h e s o b t a i n e d from c o a l t a r , wood t a r , 
l i g n i t e , s t e a r i n , wool f a t , c o t t o n s e e d o i l or the l i k e , and the 
r e s i d u e s t h a t a r e l e f t upon the d i s t i l l a t i o n of a n i m a l or v e g e t a b l e 
f a t s , r e s i n s or balsams of any d e s c r i p t i o n . 
A s p h a l t s . - A l l such, s u b s t a n c e s t h a t a r e impregnated - as 
d i s t i n c t from being merely udxed - w i t h e i t h e r bitumen, p i t c h or 
a m i x t u r e of the two. The impregnation c o n d i t i o n i s n e c e s s a r y so 
as to c l e a r l y d i s t i n g u i s h such bodies from impure bitumen, by 
w h i c h m i x t u r e s . a r e d e s i g n a t e d . The m i n e r a l s u s u a l l y f o r m i n g the 
base of a s p h a l t s a r e l i m e s t o n e or sandstone, a l t h o u g h i n a r t i f i c -
i a l types, other p u l v e r i z e d m a t e r i a l s may be used. Hence we have 
n a t i v e or ne^tural and a r t i f i c i a l a s p h a l t s . Where p o s s i b l e , i t i s 
p r e f e r a b l e to d e f i n e the a r t i f i c i a l m a t e r i a l as a "macadam" q u a l -
i f y i n g t h i s term w i t h the a d j e c t i v e " t a r " or "bituminous" as the 
case may be. 
The f c l l o v / i n g d e f i n i t i o n s have been adopted by the Amer-
i c a n S o c i e t y f o r T e s t i n g M a t e r i a l s : 
'Bitumens a r e m i x t u r e s o f n a t i v e or pyrogenous h y d r o c a r -
bons and t h e i r n o n - m e t a l l i c d e r i v a t i v e s , y^hich may be gases, 
l i q u i d s or s o l i d s , and which a r e s o l u b l e i n carbon b i s u l p h i d e . ' 
'Batuminous c o n t a i n i n g bitumen or o o n s t i t u t i n g a source 
of bitumen." 
A l l bituminous bodies c o n s i s t of combinations of carbon 
and h^ydrogen i n v a r y i n g p r o p o r t i o n s . The l i q u i d t y p e s a r e f r e e 
or almost f r e e fror;; oxygen, s u l p h u r and n i t r o g e n , v/hile the semi-
f . l u i d and s o l i d bitumens c o n t a i n more or l e s s a p p r e c i a b l e q u a n t i -
t i o s of these i m p u r i t i e s . The s m e l l of a l l of them i s " b i t u m i n -
ous" v/hile the c o l o r v a r i e s from y e l l o w t o brown i n l i q u i d forms, 
and from d a r k brov;n to b l a c k i n the s e m i - f l u i d and s o l i d forms. 
They p o s s e s s a sharp l i n e of d i f f e r e n c e from o t h e r o r g a n i c com-
pounds to be found i n n a t u r e and whicht c o n s i s t of the same e l e -
ments ( c o a l , l i g n i t e , e t c . ) by t h e i r conduct w i t h v a r i o u s s o l v e n t s . 
I . G e o l o g i c a l D a t a . 
The s t o r y of the g e o l o g i c a l f o r m a t i o n of bitumen i s r e c e i v -
i n g , a t p r e s e n t , the a t t e n t i o n of some of our g r e a t e s t g e 9 l o g i s t s . 
The d i f f i c u l t y of such r e s e a r c h i s g r e a t because of the many and 
v a r i e d tj^pes of the m a t e r i a l t h a t a r e to be found, which range from, 
v e r y t h i n l i q a j i d s t o e x t r e m e l y hard s o l i d s and because of i t s wide 
d i s t r i b u t i o n i n almost e v e r y p a r t of the globe and throughout the 
e n t i r e range of g e o l o g i c a l s t r a t a . 
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Some s c i e n t i s t B b e l i e v e t h a t bitumen i s more or l e s s i n t i -
m a t e l y r e l a t e d to petroleum and the m i n e r a l o i l s . P r o f e s s o r C l i f -
f o r d K i c h a r d s o n , the well-known American e x p e r t upon bituminous 
m a t t e r s , h o l d s t o t h i s b e l i e f . 
Another t h e o r y of i t s f o r m a t i o n i s based upon v o l c a n i c a c -
t i o n . I n proof of t h i s , i t i s p o i n t e d out t h a t most types of s o l -
i d bitumen c o n t a i n an a p p r e c i a b l e percentage of s u l p h u r , a m i n e r a l 
v e r y o f t e n d i s c h a r g e d d u r i n g v o l c a n i c a c t i v i t y . A l s o the a s p h a l t 
mines i n S i c i l y and i t a l j ' - a r e not f a r from the a c t i v e v o l c a n o e s , 
E t n a and -/esuvius; 8,rd the bitumen l a k e of T r i n i d a d i s co n t a i n e d 
i n the c r a t e r of an e x t i r - c t mud v o l c a n o . 
Another t h e o r y advanced i s t h a t bitumens have been d e r i v e d 
from a n i m a l and v e g e t a b l e r e m a i n s . I t i s of i n t e r e s t t o n o t e , i n 
t h i s c o n n e c t i o n t h a t , by s u i t a b l e t r e a t m e n t of a n i m a l ahd v e g e t a b l e 
r e m a i n s , cheraists have a c t u a l l y been a b l e t o p r e p a r e s u b s t a n c e s 
'Which resemble, both r h y s i c a l l y and c h o m i c a l l y , v e r y c l o s e l y t he 
bitumen. I t i s i n t e r e s t i n g t o note t h a t a t P e c h e l b r o u n , the s t r a t a 
of bituminous sand a r e found i n c o n t a c t w i t h s t r a t a of l i g n i t e and 
the l a t t e r i s known v/ith c e r t a i n t y to have been formed from anim.al 
and v e g e t a b l e m a t t e r . The l i g n i t e and sand a r e found on the same 
l e v e l , and the l i g n i t e becomes g r e a t e r i n q i i a n t i t y where the sand 
c e a s e s to be r i c h i n bitumen. 
A c c o r d i n g to r e l i a b l e s o u r c e s , bitumen i s t o be found i n the 
i s l a n d of T r i n i d a d i n c e r t a i n s c h i s t s which o r i g i n a l l y c o n t a i n e d 
v e g e t a b l e d e b r i s . 
The s i m i l a r i t y between bitumen and l i g n i t e i s found i n many 
d i s t r i c t s errd i t i s ; e l i e v e d hy some t h a t the v e g e t a b l e m a t t e r 
avas s u b j e c t e d to a s p e c i a l decompositior! w h i c h r e s u l t e d i n t h e 
f o r R a t i o n of bitumen i n s t e a d of l i g n i t e . 
Another t h e o r j ' i s t h a t t h e bitumen i s r e l e a s e d from i t s 
p l a c e of o r i g i n , i n the bowels of the e a r t h , and then r i s e s t o 
the s u r f a c e . I f , however, the substance i s cooled on i t s way t o 
t h e s u r f a c e , t h e bitumen viould s o l i d i f y , 
S c i e n t i s t s cannot agree on a,ny one t h e o r y although t h a t 
of v o l c a n i c o r i g i n and t h a t of o r g a n i c tre^nsformation have the 
most f o l l o w e r s . But t h e r e may have been s e v e r a l methods of f o r -
mation and t h e s e may be but a, p r o o f of the v a r i e t y of methods 
which d i s t i n g u i s h the w o r k i n g of n a t u r e , w h i c h w i t h a b s o l u t e l y -
d i f f e r e n t re£<-ctions, a t t i m e s g i v e almost i d e n t i c a l r e s u l t s . 
The g e o l o g i c a l f o r m a t i o n of the r o c k a s p h a l t i s , however, 
mure c e r t a i n . I n e v e r y case whore t h i s m a t e r i a l i s to be found, 
t h e impregnated r o c k i s e i t h e r a l i m e s t o n e or a sandstone, n o t , of 
c o u r s e , n e c e s s a r i l y pure. The impregnated l a y e r forms a d i s t i n c t 
s t r a t u m sandwiched between uninipregnated Is^yers of e i t h e r the same 
r o c k or of m a r l . The t h i c k n e s s of the s t r a t a v a r i e s c o n s i d e r a b l y , 
r a n g i n g from a few i n c h e s to many f e e t , and when mined, the r o c k 
i s o b t a ined l i k e c o a l , by d r i v i n g g a l l e r i e s and s h a f t s i n t o the 
s i d e of the s l o p e . Sometimes the r o c k i s exposed,in w h i c h case 
i t i s q u a r r i e d . 
Some a u t h o r s b e l i e v e t h a t a t some d i s t a n t p e r i o d the bitum-
en m,ust have p e n e t r a t e d the absorbent mass w h i l e i t was i n a gaseous 
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or t h i n l y l i q u i d c c n d i t i o n , i m p r e g n a t i n g i t more or l e s s r i c h l y 
a c c o r d i n g to the ease w i t h which i t made i t s way through the r o c k , 
and t h e n , p o s s i b l y under the i n f l u e n c e o f enormous p r e s s u r e , 
c o o l e d . The r o c k s were impregnated, no doubt, w h i l e s t i l l i n 
the mobile s t a t e , or a t l e a s t , i n the powdered c o n d i t i o n . I n 
some c a s e s , the rooks seem t o have been impregnated w i t h an up-
virard movement, w h i l e a downward movement seems t o have been the 
mode of impregnation i n other c a s e s . 
I I . P h j r s i c a l C h a r a c t e r i s t i c s . 
A._ Pock: A s p h a l t . 
The c o l o r should be a deep c h o c o l a t e , not b l a c k , a s t h i s 
u s u a l l y shows a d e f i c i e n c y of impregnation ( t h e g r a i n s of the r o c k 
a r e merely coated and not t r u l y impregna,ted with, the bi t u m e n ) . I t 
should not be too l i g h t or g r a y , u n l e s s vihem obtained from an open 
q u a r r y where the p r o c e s s of w e a t h e r i n g tends to l i g h t e n the c o l o r 
v/ithout a f f e c t i n g the q u a l i t y o f the m a t e r i a l i n any v/ay. Under 
o r d i n a r j r c o n d i t i o n s , bitumens, l i g h t or gray i n c o l o r , show a low 
perce n t a g e of bitun.en. 
The f r a c t u r e should be e a r t h y , t h a t i s , not h a v i n g a sharp 
c l e a v a g e , but showing up rough and i r r e g u l a r . T h i s shows a l o o s e -
n e s s of g r a i n t h a t i s v e r y e s s e n t i a l f o r the s u c c e s s f u l f o r m a t i o n of 
the powder which i s n e c e s s a r y i n i n d u s t r i a l o p e r a t i o n s . The g r a i n 
should be so lo o s e t h a t i t would f a l l t o powder when heated on an 
i r o n p l a t e . 
The grrain i t s e l f s h ould be v e r y f i n e and minute, of r e g u l a r 
s i z e and shape v/hen examined under the miorosoope* The impreg-
n a t i o n of th.e r o c h should appear even, t h a t i s , the c o l o r a t i o n 
should be p r a c t i c a l l y the same deep c h o c o l a t e ; a l i g h t s t r e a k 
shows a bad p i e c e of r o c k , d i f f i c u l t of i m p r e g n a t i o r , w h i l e , on 
the o t h e r hand, a deeper c o l o r e i t i o n shows a s o f t e r r o c k . 
E. S o l i d Bitumens _ ( G i i s o n i t e ) . 
Bitumens a r e g e n e r a l l y thought of as o i l s w h i c h have im-
pregnated s t o n e , by v i r t u e of w h i c h , the stone i s c a l l e d " r o c k 
a s p h a l t s " , but i n a d d i t i o n t o the bituminous o i l s , t h e r e a r e 
many v a r i e t i e s of s o l i d bit.umens. I have s t u d i e d the s o l i d b i -
tumen knov/n as g i l s o n i t e and from my r e s e a r c h I have d i s c o v e r e d 
the f a c t s s t a t e d below. 
G i l s o n i t e i s b l a c k i n c o l o r w i t h a most b r i l l i a n t l u s t r e 
and b r e a k s w i t k a c o a r s e , c o n c h o i d a l f r a c t u r e * When a specimen 
i s exposed to atmospheric a c t i o n , i t becomes dead b l a c k , but 
t h i s change i s merely s u p e r f i c i a l , f o r when the s u r f a c e i s a g a i n 
removed, the m a t e r i a l found below i t shows i t s u s u a l b r i l l i a n c e . 
When p u l v e r i z e d , i t forms a v e r y f i n e c h o c o l a t e brown d u s t , and 
i f f l u x e d w i t h s u i t a b l e o i l s , i t forms a r u b b e r - l i k e mass w h i c h , 
however, i s r a t h e i - s h o r t i n f i b r e . 
G i l s o n i t e i s the most abundant of the s o l i d bitumens and 
i s found c h i e f l y i n the U n i t e d S t a t e s . Graliamite apd w u r t z i l i t e 
a r e abundant s o l i d bitumens and a r e , i n the main, s i m i l a r t o g i l -
s o n i t e . 
I I I . H i s t o r i c a l D a t a . 
The e a r l i e s t i n s t a n c e i n w h i c h we f i n d t h i s m a t e r i a l 
mentioned i s i n the Bible« From t h i s s o u r c e , we l e a r n t h a t 
Noah used bitumen f o r r e n d e r i n g t h e a r k w a t e r - p r o o f . Bitumens 
were knov/n t o the Hebrews, the B a b y l o n i a n s , t h e E g y p t i a n s and 
l a t e r t o the Greeks and Romans. P r o o f of t h i s i s shown i n t h e i r 
w r i t i n g s and by e x c a v a t i o n s c a r r i e d on i n t h e s e c o u n t r i e s . I t 
was used by the A s i a t i c peoples f o r b u i l d i n g purposes, by the 
E g y p t i a n s f o r embalming, and by the Romans and Greeks f o r 
s t r u c t u r a l work and even as a m e d i c i n e . 
I n m e d i e v a l t i m e s , the knowledge of the use of t h i s a r t -
i c l e was l o s t . By a f o r t u n a t e d i s c o v e r y , w h i c h might almost be 
c o n s i d e r e d an a c c i d e n t , bitumen v/as a g a i n brought to the knowledge 
of the i n d u s t r i a l world by a Greek d o c t o r named E y r i n u s who was 
a t the time i n the entnloy of the S w i s s government • H i s f i r s t 
d i s c o v e r i e s were made a t V a l de T r a v e r s i n 1712, 
B r , E y r i n u s must be r e g a r d e d as t h e r e - i n t r o d u c e r of rook 
a s p h a l t f o r b u i l d i n g p u r p o s e s , however, an e q u a l s h a r e of the hon-
or must be g i v e n to Count S a s s e n a y , who f i r s t caused the mines of 
S w i t z e r l a n d to be worked w i t h s u c c e s s and i n a p r a c t i c a l manner• 
S u c c e s s f u l mines were soon opened a t S e y s s e l and Lobsann. 
The knowledge ob t a i n e d was g i v e n t o the w o r l d and d e p o s i t s 
of the r o c k a s p h a l t and bitumens began to be worked i n e v e r y 
w u a r t e r of the globe. I n the e a r l y a g e s , t h i s m a t e r i a l was sup-
p l i e d from cut t h r e e s o u r c e s : 
( 1 ) The Dead 3ea and s m a l l bituminous s p r i n g s on i t s s h o r e s * 
( 2 ) The f o u n t a i n s of I s ( t h e modern H i t ) . 
( 3 ) The a l l u v i a l p l a i n s of Babj'-lonia. 
Today, t l i s m a t e r i a l i s found i n t w e n t y - s i x d i f f e r e n t 
c o u n t r i e s of ev e r y p a r t of the w o r l d . 
I V . T e s t s and A n a l y s e s . 
I n my r e s e a r c h work, I employed the s o l i d bitumen, g i l s o n -
i t e , as b e f o r e mentioned, and the t e s t s and. a n a l y s e s g i v e n below 
were o b t a i n e d from t h a t s u b s t a n c e . 
With r e g a r d t o r o c k a s p h a l t and bitumens, s e r i e s of p u r e l y 
c h e m i c a l t e s t s a r e u n s a t i s f a c t o r y , s i n c e the a r t i f i c i a l and a d u l -
t e r a t e d a r t i c l e s w i l l g i v e t h e same r e a c t i o n s . I t i s nec e a e a r y , 
t h e r e f o r e , t h a t t h i s product s h a l l be submitted t o both c h e m i c a l 
and p h y s i c a l t e s t s i f t h e r e i s a q u e s t i o n of the m a t e r i a l b e i n g 
of n a t u r a l or a r t i f i c i a l f o r m a t i o n . 
At the o u t s e t , t he p r e p a r a t i o n of a uniform' sample i s of 
the utmost importance and i f t h i s i s not p r o p e r l y and c a r e f u l l y 
e f f e c t e d , the whole a n a l y s i s i s w o r t h l e s s . To o b t a i n a f a i r sam-
p l e , p o r t i o n s shoi'ld be t a k e n frora the specimen a t d i f f e r e n t p l a c -
es and then t h e s e i n t i m a t e l y mixed t o g e t h e r £.nd the l a r g e r the 
amount of sample the more t y p i c a l of the e n t i r e a r t i c l e i t w i l l 
be. I n a n a l y s i n g a bitumen, the p r i n c i p a l matter t o be t a k e n i n -
to c o n s i d e r a t i o n i s the q u a n t i t y of t h a t body t h a t i s s o l u b l e i n 
a known s o l v e n t . The s i m p l e s t method of doing t h i s i s as f o l l o w s : 
A weighed q u a n t i t y of the m a t e r i a l , a f t e r h a v i n g been pow-
dered, i s l e f t f o r some days i n a d e s i c a t t o r . I t i s then t a k e n 
out and c a r e f u l l y re-weighed. A f t e r b e i n g r e p l a c e d , a f u r t h e r 
B u i i a b l e time i s a l l o w e d t o e l a p s e , when t h e sample i s a g a i n weighed, 
and i f no d i f f e r e n c e i s found i n t h e l a s t two w e i g h t s , t h e l o s s i n 
w e i g h t , as shown by the d i f f e r e n c e of the f i r s t and l a s t w e i g h t s , 
g i v e s the amount of water t h a t had been p r e v i o u s l y absorbed or be-
come mixed mechanicallj?- w i t h the bitumen. Should no l o s s i n weight 
be d e t e c t e d , the bitumen i s e n t i r e l y f r e e frora water but t h i s i s 
seldom the c a s e . I found t h a t the specimen w i t h w h i c h I was w o r k i n g 
c o n t a i n e d .0% m o i s t u r e . 
The powdered bitumen thus d r i e d i s now p l a c e d i n a t a l l , 
narrow-necked f l a s k which i s p r o v i d e d w i t h a t h o r o u g h l y a i r - t i g h t 
c o r k and then covered v / i t h a p p r o x i m a t e l y t e n times i t s w e i g l i t of 
a l c o h o l . The f l a s k i s now corked up and t h e c o n t e n t s r e p e a t e d l y 
a g i t a t e d f o r some d a y s . (Carbon b i s u l p h i d e i s an e x c e l l e n t s o l v e n t 
f o r bitumens, such s o l u b i l i t y b e i n g a t e s t f o r a bitumen.) 
A f t e r a few days the s o l u t i o n i s f i l t e r e d through a p r e v i o u s l y 
weighed f i l t e r paper, i n t o a s h a l l o w p o r c e l a i n b a s i n which has a l s o 
been p r e v i o u s l y weighed. The r e s i d u e r e m a i n i n g on the f i l t e r paper 
i s t h o r o u g h l y washed w i t h a f u r t h e r q u a n t i t y of carbon b i s u l p h i d e 
u n t i l no more of i t d i s s o l v e s and the f i l t e r paper i s a l l o w e d t o 
dry at:d weighed and t h e i n c r e a s e i n t h e weight of the paper g i v e s 
t h a t of the i m p u r i t i t i s which w/ere mixed w i t h the sample. 
The p r e c i p i t a t e i s t r a n s f e r r e d to a p o r c e l a i n d i s h and heated 
on a sand bath u n t i l any o r g a n i c n a t t e r p r e s e n t burns c o m p l e t e l y o f f . 
The m i n e r a l bodies a r e unchanged by the heat and the r e s i d u e i s an-
a l y s e d f o r i t s m i n e r a l matter a c c o r d i n g t o the t a b l e s of q u a l i t a t i v e 
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a n a l j / s i s . ^ 
The irnpuriti'^'^s i n the sample proved to be 9,7?? by weight* 
The i m p u r i t i e s c o n s i s t e d of org;anic m a t t e r s and the i n o r g a n i c 
s u b s t a n c e s , i r o n and magnesium. 
The f i l t r a t e r e m a i n i n g i n the b a s i n i s pure bitumen d i s -
s o l v e d i n carbon b i s u l p h i d e . I t i s put over a v/ater b a t h and 
heated t o about 48^0., when the s o l v e n t q u i c k l y e v a p o r a t e s out and 
l e a v e s the bitumen behind as a d a r k amorphous mass. As t h i s s t i l l 
c o n t a i n s t r a c e s of the s o l v e n t , i t i s a d v i s a b l e to r a i s e the tem-
p e r a t u r e to 11C*^C. f o r a s h o r t space of time b e f o r e t a k i n g the 
f i n a l w e i g h t . Care must be t a k e n , however, t h a t t h i s i n c r e a s e d 
heat i s not s u f f i c i e n t t o d r i v e o f f the more v o l a t i l e o i l s of the 
bitumen i t s e l f . By s u b t r a c t i n g the weight of the b a s i n from the 
weight thus o b t a i n e d that of the pure bitumen i n the sample under 
c o n s i d e r a t i o n i s o b t a i n e d . 
The sample of bitumen under c o n s i d e r a t i o n y i e l d e d 90.3?^ 
pure bitumen. G i l s o n i t e i s a v e r y pure type of bitumen and some 
d e p o s i t s c o n t a i n as h i g h as 99.6 fo pure bitumen. 
Bitumens c o n t a i n c e r t a i n bodies which a r e v o l a t i l e when sub-
j c o t o d to heat and o t h e r s whioh w i l l w i t h s t a n d v e r y h i g h tem.pera-
t u r e s w i t h o u t v o l a t i l i x i n g . The v o l a t i l e elements have been termed 
" p e t r o l e n e s " and the n o n - v o l a t i l e " a s p h a l t e n e s " . As a g e n e r a l r u l e , 
a bitumen i s harder i n p r e p a r a t i o n as i t c o n t a i n s more a s n h a l t e n e 
to p e t r o l e n e , u n t i l f i n a l l y some v e r y hard types a r e r e a c h e d which 
c o n t a i n v e r y l i t t l e p e t r o l e n e , and the h a r d e r the substance i s , the 
more b r i t t l e i t i s found to be. 
One method f o r o b t a i n i n g the p e t r o l e n e i s by d i s t i l l i n g 
t h e bitumen. A weighed q u a n t i t y of bitumen i s p l a c e d i n a d i s -
t i l l i n g a p p a r a t u s and covered writh w a t e r . When the apparatus 
i s h eated, the p e t r o l e n e d i s t i l l s over w i t h trie steara and con-
denses as an o i l y l i q u i d , w h i c h , s i n c e i t i s l i g h t e r than w a t e r , 
f l o a t s on the s u r f a c e of the -water and can be i-'eadily s e p a r a t e d 
from i t . 
The specimen under c o n s i d e r a t i o n was d i s t i l l e d w i t h water 
f o r s i x hours and o n l y a v e r y minute q u a n t i t y of p e t r o l e n e was 
o b t a i n e d . T h i s a c c o u n t s f o r the b r i t t l e n e s s of g i l s o n i t e . 
The d e t e r m i n a t i o n of the m e l t i n g p o i n t of a bitumen i s 
usually'- made , but with, d i f f i c u l t y duo to the f a c t t h a t i t i s 
v e r y hard to r e c o g n i z e w i t h any degree of e x a c t n e s s the t r u e p o i n t 
a t w hich the mass, which a t f i r s t i s o n l y s o f t e n e d tloroughout, 
changes i n t o a l i q u i d . The d i f f i c u l t y i s f u r t h e r ' i n c r e a s e d by 
the n o n - c o n d u c t i v i t y of trie m a t e r i a l , whioh r e s u l t s i n the outer 
p o r t i o n of the sample being c o m p l e t e l y f u s e d and i n a l i q u i d con-
d i t i o n even b e f o r e the c e n t e r of the mass i s v e r y s o f t . 
T h ere a r e s e v e r a l methods i n u s e . A common method i s the 
p l a c i n g of s m a l l p a r t i c l e s of bitumen i n a g l a s s tube: the tube 
then b e i n g s e a l e d a t both ends and heated, i n a g l y c e r i n b a t h u n t i l 
t he s u b s t a n c e m e l t s when the temperature i s t a k e n . 
I n l a b o r a t o r i e s i n c c n r e o t i o n w i t h bitumen i n d u s t r i e s , the 
m e l t i n g p o i n t i s determined by m e l t i n g the sample and p l a c i n g the 
melted mass on the top of a me t a l t r i p o d , t he top of which i s a 
s o l i d sheet of met a l c o n t a i n i n g a h o l e about a h a l f - i n c h i n diam-
e t e r . The mass i s heated s l i g h t l y so t h a t i t adheres to the 
'metal top of the t r i p o d . Then a heavy m e t a l s i n k e r i s imbedded 
i n the mass of bitumen d i r e c t l y above the h o l e i n the top of the 
t r i p o d ' The whole a p p a r a t u s i s now pleiced i n a g l y c e r i n hath .and 
heated and when the s i n k e r drops through the h o l e i n the top of 
the t r i p o d t a k i n g some of the melted bitumen w i t h i t , the m e l t i n g 
p o i n t i s r e a c h e d . 
A f t e r f i v e t e s t s by l o t h metj/ods d e s c r i b e d above, I d e t e r -
mined the m e l t i n g p o i n t of the speoirrien t o be 2S0°C. 
Sometimes the bitumen i s s u s p e c t e d of b e i n g a d u l t e r a t e d 
w i t h c o a l t a r products.- The f o l l o w i n g t e a t w i l l determine t h i s 
q u e s t i o n . 
E i g h t grams of the substance to be t e s t e d a r e reduced to a 
v e r y f i n e c o n d i t i o n and then shaken up i n a c l o s e d v e s s e l w i t h 
f i v e g r a i n s of benzine u n t i l a v e r y d a r k c o l o r e d s o r a t i o n has been 
formed. T h i s i s f i l t e r e d , and i n the meantime a m i x t u r e i s made up 
of e q u a l p a r t s of benzine and 35% a l c o h o l . I n t o t h i s m i x t u r e a few-
drops of the bitumen s o l u t i o n i s added and t h e whole i s t h o r o u g h l y 
shaken. A f t e r t h i s i s done, the v e s s e l i s a l l o w e d to s t a n d , when . 
i t s c o n t e n t s w i l l s e p a r a t e out i n t o two l a y e r s , the upper one b e i n g 
t h e benzine and the lower one t h e a l c o h o l . I f the a l c o h o l i c l a y e r 
i s c o l o r l e s s , the o r i g i n a l substance' i s a n a t u r a l bitumen o n l y , but 
i f t h a t l a y e r t a k e s a golden brown c o l o r a t i o n , then an a r t i f i c i a l 
p r oduct i s p r e s e n t . 
The specimen under c o n s i d e r a t i o n showed the presence of 
bitumen o n l y . 
There i s a l s o a v e r y s i m ple metliod to adopt i n order to t e l l 
one a r t i f i c i a l bitumen from a n o t h e r , c o n s i s t i n g of merely h o l d i n g 
the product i n q u e s t i o n over an open flame and then s m e l l i n g the 
v a p o r s t h a t a r c g i v e n o f f . B e s i d e s c o a l t a r r e s i d u e s , t h e r e a r e 
o f t e n employed o t h e r s , such as those made from wood t a r or s t e a r -
i n , each of which has i t s own d i s t i n c t i v e odor w h i c h I s e a s i l y 
n o t i c e a b l e when the m a t e r i a l i s heEited, and, when once known, w i l l 
be r e a d i l y recofcnized a g a i n - I n c a s e s where a q u e s t i o n may a r i s e 
i t i s u s u a l l y s u f f i c i e n t t o heat a s m a l l poi'tion of the ^nown sub-
s t a n c e s and compare the odor a r i s i n g frora i t w i t h t h a t g i v e n o f f 
by the m a t e r i a l then b e i n g t e s t e d . 
Another d e f i n i t e t e s t f o r the presence of o o a l t8.r p i t c h 
i n a s u s p e c t e d m a t e r i a l i s based upon t h e f a c t t h a t i t c o n t a i n s a 
q u a n t i t y of f r e e carbon w h i l e the n a t u r a l bitumen c o n t a i n s none* 
E a t u r a l biitumen p r e s e n t s a u n i f o r m brownish appearance when a very 
l i t t l e of i t i s f u s e d upon a hot g l a s s s l i d e and examined under a 
microscope. I n the s u s p e c t e d sample the f r e e carbon may be seen 
suspended i n the bituminous l e a t t e r l i k e s m a l l b l a c k dots • 
Bitumen may be d i s t i n g u i s h e d from i t s a r t i f i c i a l p r o d u c t s 
by n o t i c i n g the e f f e c t of c o n c e n t r a t e d s u l p h u r i c a c i d upon i t * 
T r u e bitumens g i v e a c o l o r l e s s , or a t the most, a v e r y f a i n t l y 
c o l o r e d l i q u i d , w h i l e c o a l t a r p r o d u c t s shov/ up i n t e n s e l y brown* 
The t e s t s f o r s p e c i f i c g r a v i t y of a bitumen a r e c a r r i e d out 
i n d i f f e r e n t v/ays, a c c o r d i n g as to whether t h e y a r e l i q u i d , s e m i f l u 
or s o l i d . I n the case of the f i r s t , the hydrometer i s employed, 
f o r t h e second, an a p p a r a t u s known as the picnometer, w h i l e the 
amount of w a t e r t h a t a weighed q u a n t i t y r e p l a c e s forms t h e base of 
the t e s t f o r the t h i r d . 
I determined the s p e c i f i c g r a v i t y of the specimen by u s i n g the 
picnometer and i o l y b a l a n c e , to be 1.041. 
. There a r e other t e s t s w h i c h , however, a r e not as important 
as the f o r e g o i n g and w h i c h a r e r e a l l y not e s s e n t i a l to the u s e r 
of bitumen. These a r e the penetrci,tion t e s t : the d i s t a n c e a c e r -
t a i n s i z e needle p e n e t r a t e s the bitumen; the f l a s h and i g n i t i o n 
p o i n t s of l i q u i d bitumens; and the d e t e r m i n a t i o n • o f " f i x e d " c a r -
bon. 
7. Uses of Rock A s p h a l t and Bitumens. 
These si-ibstances a r e used v e r y e x t e n s i v e l y i n p a v i n g and 
r o a d c o n s t r u c t i o n a t the p r e s e n t time. For t h e s e p'orpooes, the 
m a t e r i a l i s used i n t h r e e d i f f e r e n t forms - ( A ) a s the p r e p a r e d 
powder f o r compression " i n s i t u " , ( B ) as the p r e p a r e d t i l e s r e a dy 
f o r immediate p l a c i n g i n p o s i t i o n and (O) the m a s t i c . 
&dX Gompressed powder work i s done v/ith a powder made by 
c r u s h i n g the r o c k v.sphalt thus i i a v i n g a crude m i x t u r e of stone and 
bitumen. The m i x t u r e , a f t e r i t has been h e a t e d , i s a p p l i e d t o a 
c o n c r e t e road bed and r o l l e d and stamped i n t o p o s i t i o i T . I t i s 
s a i d t h a t the weather e s i s t a n c e of the rook a s p h a l t s u r f a c e i s i n -
c r e a s e d by m i x i n g i n v / i t h the powder, l i t h a r g e and g l y c e r i n e * 
With t h i s a d d i t i o n i t i s a f f i r m e d t h a t the a s p h a l t pov/der g i v e s 
an e x t r a o r d i n a r y f i r m ' l a j r e r , p r o b a b l y owing to the f o r m a t i o n of 
l e a d g l y c e r i d e . The m i x t u r e i s merely heated and then a p p l i e d * 
( B ) A s p h a l t t i e s a r e p r e p a r e d e i t h e r from the crushed I'ook 
a s p h a l t or from a m i x t u r e of g r i t , r o c k a s p h a l t and bitumen. I n 
•the p r e p a r a t i o n of the t i l e s , the powder i s r a i s e d to a s u i t a b l e 
degree of hoat and t hen s u b j e c t e d to a l a r g e amount of compres-
s i o n . The t i l e s , immediatelj'' b e f o r e b e i n g l a i d i n p o s i t i o n , a r e 
dipped i n isoleon biburaen w h i c h causes them to adhere to one a,noth-
Gi' ar:-d hence a pavement of t i l e s i s r e ndered a homogeneous sheet of 
r o c i ; a s p h a l t . 
(C) The use of a s p h a l t m a s t i c as a p a v i n g i s s t e a d i l y r e -
p l a c i n g t h a t of the compressed rook a s p h a l t powder. The m a s t i c 
can be eas;• l y and q u i c k l y a p p l i e d t o b r i c k , cement and masonry 
w a l l s and to r o o f s , whether made of wood or c o n c r e t e . I t i s used 
f o r dampcouraing, l i n i n g t a n k s and as a w a t e r p r o o f i n g agent i n 
g e n e r a l . 
The m a s t i c i s formed by v d x i n g powdered r o c k a s p h a l t , b i -
tumen ( s o l i d or l i q u i d ) and g r i t . Bitumen i s added u n t i l the mix-
t u r e c o n t a i n s a s u i t a b l e percentage of t h i s s u b s t a n c e . The mix-
t u r e i s heated and then l a i d on a c o n c r e t e f o u n d a t i o n and r o l l e d * 
hacadam work a l s o makes use of a l a r g e amount of bitumen. 
One method of such work i s mereljr s p r a y i n g the road w i t h a pure 
l i q u i d bitumen on a s o l i d bitumen n i x e d w i t h heavy o i l s . Another 
method i s the pltvCing of g r a v e l on the road and s p r a y i n g w i t h 
bitumen and r o l l i n g . The a f f i n i t y of a bitumen f o r f i n e l y d i v i d e d 
m i n e r a l matter c a u s e s i t to be q u i c k l y absorbed by the g r a v e l , and 
i t v / i l l not be r e l e a s e d l a t e r on. 
The "ready r o o f i n g " i n d u s t r y demands a l a r g e s u pply of b i -
tumen, a l s o . T h i s i s v e r y o f t e n a bitumen of the s o l i d t y p e , such 
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a s g i l s o n i t e , grabarnite, e t c . A wool f e l t i s made and then s a t -
u r a t e d t h o r o u g h l y w i t h a hot s o l u t i o n of g i l s o n i t e and heavy o i l s . 
The s a t u r a t e d f e l t i s then coated w i t h a m i x t u r e of bitumen and 
o i l s but the c o a t i n g m i x t u r e i s made w i t h such p r o p o r t i o n s of mat-
e r i a l t h a t the f e l t i s g i v e n a r u b b e r - l i k e c o n s t i t u e n c y . The 
r o o f i n g f e l t i s f i n i s h e d hy s p r i n k l i n g i t w i t h t a l c and r o l l i n g 
t he t a l c i n t o the f i b r e . 
The common a s p h a l t m a s t i c i s o f t e n used f o r r o o f i n g p u r -
poses i n which case the r c o f i s us u a l l j ' - covered w i t h a heavy wool 
f e l t . Bitumen i s a l s o used i n dampcoursing and r e f r i g e r a t i n g 
o p e r a t i o n s , i n the manufaoture of p a i n t s and enamels, f o r t h e i n - • 
a u l a t i o n of e l e c t r i c c a b l e s , f o r the a d u l t e r a t i o n of band r u b b e r , 
wood, m e t a l and c o n c r e t e p r e s e r v a t i o n , b r i c k and wood b l o c k f i l -
l i n g , and acid-fume p r o o f i n g . 
G i l s o n i t e and gral^arnite i n c o n v e r t e d and r e f i n e d c o n d i t i o n 
f u l f i l l a l l the uses to which a s p h a l t s a r e a p p l i e d , b e s i d e s h a v i n g 
s p e c i a l a d a p t a b i l i t y to the manufacture of j a p a n s , p a i n t s , v a r -
n i s h e s , e l e c t r i c c a b l e i n s u l a t i o n s , marine c a b l e s , acid-fume p r o o f -
i n g , and f o r c o a t i n g h i g h grade m e t a l s u r f a c e s . G i l s o n i t e has been 
used, to a c e r t a i n e x t e n t , f o r s t r e e t p a v i i i g and has proven to 
be an e x c e l l e n t n a t e r i E i , ! f o r t h i s purpose. 
